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WIND-TUNNEL INVESTIGATION OF A 

TIU-WING VTOL AIFPIANE WITH 

ARTICULATED ROTORS 

By James A .  Weiberg and Demo J. Giu l i ane t t i  

Ames Research Center 
Moffett Field,  Calif. 

SUMMARY 

The r e s u l t s  of t he  tes ts  showed: (1) a loss  of t h r u s t  with ro to r  con- 
t r o l  input,  (2)  inadequate l a t e ra l -d i r ec t iona l  control ,  and ( 3 )  severe stall-  
induced wing and ho r i zon ta l - t a i l  buffet  at  t h e  wing angles of a t t ack  t h a t  
would be required i n  a t r a n s i t i o n  from hover t o  forward f l i g h t .  

INTRODUCTION 

An inves t iga t ion  w a s  made of t h e  performance and cont ro l  cha rac t e r i s t i c s  
of a t i l t -w ing  VTOL a i rp lane  with a r t i c u l a t e d  r o t o r s .  
f i e d  Grumman JRF-5) and t h e  ro to r  cont ro l  system were b u i l t  by t h e  Kaman A i r -  
c r a f t  Corporation under contract  t o  t h e  N a v y  Bureau of Weapons. 

The a i rp lane  (a modi- 

The a i rp lane  w a s  t e s t e d  i n  the  Ames 40- by 8 0 - ~ o o t  Wind Tunnel t o  deter-  
mine t h e  cha rac t e r i s t i c s  i n  the  t r a n s i t i o n  speed range from hover t o  forward 
f l i g h t .  The a i rp lane  w a s  a l s o  t e s t e d  on a strain-gage support system outs ide 
the  wind tunnel  t o  determine i t s  hover cha rac t e r i s t i c s  near the  ground. 

NOTATION 

a1 longi tudinal  f lapping, deg 

b l  l a t e r a l  f lapping, deg 

b w i n g  span, f t ,  and number of blades 

c ro to r  blade chord, f t  

C w i n g  mean aerodynamic chord, f t  

CD drag coe f f i c i en t  including th rus t ,  - D 
- qs  

cL l i f t  coe f f i c i en t ,  
q s  
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C l  

CY 

CP 
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TO 

M pitching-moment coef f ic ien t  , - 
qSE 

N yawing-moment coe f f i c i en t  , - 
L rolling-moment coef f ic ien t ,  - 

qsb 

qsb 

Y side-force coe f f i c i en t  , - 
qs 

power power coe f f i c i en t ,  ~ 

pn3D5 

thrust 
pn2D4 

thrust  coef f ic ien t ,  

ro to r  diameter, f t ,  and drag, lb 

V advance r a t i o ,  1.69 - nD 

lift, l b ,  and r o l l i n g  moment, f t - l b  

p i tch ing  moment, f t - l b  

ro to r  r p s  

yawing moment, f t - l b  

f ree-  stream dynamic pressure,  psf 

wing area, sq f t  

t o t a l  th rus t ,  lb 

t o t a l  t h r u s t  with zero cont ro l  input,  and t o t a l  t h r u s t  a t  zero veloc- 
i t y ,  l b  

veloci ty ,  knots 

s ide force ,  l b  

angle of a t t ack  of h u l l  reference l i n e ,  deg 

cyc l ic  ro to r  blade f l a p  def lect ion,  deg 

co l l ec t ive  blade f l a p  def lect ion,  deg 

elevator  angle, deg 

wing f l a p  def lect ion,  deg 
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6s spoi le r  def lec t ion ,  deg 
C, 

11 
'L propel le r  e f f ic iency ,  J - 

cP 

11' ro to r  e f f ic lency ,  

e a t t i t u d e  of h u l l  reference l i n e  with respec t  t o  horizontal .  and ro to r  
blade angle a t  0.75 R,  deg 

P mass densi ty  of a i r ,  slugs/cu f t  

2b c 
0 s o l i d i t y  r a t i o ,  - 

fiD 

l- tilt of w i n g  with res-oect t o  h u l l  reference l i n e ,  deg 

* angle of yaw, deg 

DESCRIPTION O F  TEE AIRPLANE 

Geceral 

The airplane geometry and dimensions a r e  given i n  f igure  1 and t a b l e  I. 
The airplane i s  shown i n  t h e  tunnel  i n  f igu re  2 and on the  ground tes t  stand 
i n  f igure  3. The w i n g  could be t i l t e d  62.2O a t  a r a t e  of approximately 5 O  
per  second. The wing had fu l l - span  (except f o r  t h e  fuselage and nace l les )  
40-percent-chord Fowler-type f l a p s  t h a t  could be def lec ted  40'. 
of the  cambered nose f l a p  and.leading-edge slat used f o r  some of t h e  t e s t s  
i s  shown i n  f igu re  l ( b )  . The aerodynamic cont ro ls  on the  a i rp lane  ( f i g .  l ( a > >  
cons is t  of e l eva to r s ,  a rudder, and spo i l e r s .  

The geometry 

Rot o r  s 

The airplane w a s  equipped with two 3-bladed a r t i c u l a t e d  r o t o r s  dr iven 
through a reduction gear box by two 1025 hp f ree- turb ine  engines intercon- 
nected by a cross  shaf t  i n  the leading edge of t he  wing. The ro to r  blades 
could f l a p  about a hinge o f f s e t  9.2 percent of t he  blade rad ius  from t h e  
shaf t  a x i s .  Spring r e s t r a i n t s  were provided i n  t h e  lead-lag d i r ec t ion .  The 
blades had a negative p i t ch - f l ap  coupling of -0.6 (E3 = -30'). 
i n  t he  d i r ec t ion  t o  increase coning r e su l t ed  i n  a blade p i t c h  change t h a t  
increased t h r u s t ;  each 1' of f lapping gave a 0.6~ blade p i t c h  change. 
blades could be ro t a t ed  about t he  25-percent chord l i n e  t o  provide co l l ec t ive  
blade p i t c h .  The ro to r  w a s  not provided with cyc l i c  blade p i t c h  cont ro l .  
Cyclic cont ro l  of t he  blades w a s  obtained by def lec t ing  la rge  f l a p s  (0.5 chord, 
0.4 span).  

Blade f lapping 

The 

These f l a p s  d i f f e red  from t h e  servo-tab or external- type f l a p s  
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used on some he l i cop te r s  i n  t h a t  they  were b u i l t  i n t o  the  blade i tself  t o  
form a plain- type f l a p .  Col lect ive or cycl ic  de f l ec t ion  of these  f l a p s  w a s  
through l inkages connected t o  a swash p l a t e .  The r o t o r  f l a p  cont ro l  system 
i s  shown i n  f igu re  4. 
f l a p  de f l ec t ion  w a s  a t  a ro to r  azimuth angle of 58'). 

The cont ro l  advance angle w a s  580 ( i . e . ,  peak blade 

F l ight  Cont r 01s 

The f l i g h t  cont ro ls  f o r  t he  a i rp lane  were designed as a conbination of 
aerodynamic and r o t o r  cont ro ls .  However, f o r  t h e  tes ts  reported herein,  t he  
e leva tor  and rudder c h a r a c t e r i s t i c s  were invest igated separately from t h e  
rotor. During t e s t s  of t he  r o t o r  cont ro l  e f fec t iveness ,  t he  e leva tor  and 
rudder were disconnected f r o m t h e  cont ro l  system and locked a t  Oo def lec t ion .  
Thus, f o r  t h e  r o t o r  c o n t r o l t e s t s ,  longi tudina l  and d i r ec t iona l  cont ro l  input  
produced cyc l i c  de f l ec t ion  of t h e  blade f l a p s  and l a t e r a l  cont ro l  produced 
spo i l e r  de f l ec t ion  and d i f f e r e n t i a l  co l l ec t ive  blade p i t c h .  
tilt introduces a l a t e r a l - d i r e c t i o n a l  cont ro l  moment conversion ( e  .g., roll- 
ing moment from d i f f e r e n t i a l  co l l ec t ive  blade p i t c h  with wing up converts t o  
yawing moment, w i n g  down) , t h e  a i rp lane  con t ro l  system incorporated l inkages 
t o  provide compensating cont ro ls  with w i n g  tilt, as shown i n  f igu re  5 ,  t o  
give more near ly  pure a i rp lane  r o l l i n g  and yawing moments with cont ro l  input .  

Because w i n g  

TESTS AND CORRECTIONS 

Te st  Variable s 

In  most of t h e  wind-tunnel t e s t s  t h e  angle of a t t ack  w a s  var ied while 
wing tilt, power, p rope l le r  rpm, and tunnel  ve loc i ty  were held constant .  
The tests were made for a range of wing tilt angles  from 0' t o  50' and tunnel  
v e l o c i t i e s  from 20 knots (1.5s) t o  l 5 O  knots (75s). 

Thrust Cal ibrat ion 

Propel le r  t h r u s t  w a s  determined with the  a i rp lane  a t  0' angle of a t t ack  
with t h e  wing down and t h e  f l aps  up. Thrust w a s  assumed t o  be t h e  sum of t h e  
measured longi tudina l  force  with propel le rs  on and t h e  measured drag with 
p rope l l e r s  o f f .  
power w a s  determined from manufacturer's engine c a l i b r a t i o n  curves and meas- 
ured engine rpm, air pressure,  and temperature. 

The engines were not equipped with torque meters; ins tead  
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In 

Corrections 

The da ta  presented include the  d i r e c t  p ropel le r  forces  as wel l  as t h e  
aerodynamic forces .  
the  moments r e l a t i v e  t o  the  s t a b i l i t y  a x i s  f o r  t h e  center-of-gravi ty  loca t ion  
shown i n  f igure  6. 
tunnel  w a l l s  or support s t r u t s .  

The forces  were computed re la t ive t o  t h e  wind a x i s  and 

No cor rec t ions  have been made for t h e  influence of t h e  

S t a t i c  Stand Tests 

Hover c h a r a c t e r i s t i c s  near t h e  ground ( f i g .  3) were determined from t e s t s  
with t h e  a i rp lane  on a s t a t i c  stand outs ide the  wind tunnel .  The fuselage w a s  
s e t  at  an a t t i t u d e  of 14.1'. The wing t r a i l i n g  edge w a s  approximately 
5.5 f e e t  above t h e  ground with the  wing t i l t e d  and t h e  f l a p s  down bo0. 

The a i rp lane  w a s  mounted on a s t r a i n  gage support system t h a t  measured 
v e r t i c a l  and longi tudina l  forces .  Side force could not be measured but  w a s  
assumed t o  be t h e  s ide force  component of t h e  propel le r  t h r u s t  ( i . e . ,  T s i n  b l ,  
where T = t o t a l  t h r u s t  and b l  = l a t e r a l  tilt of t h e  ro to r  determined from 
oscil lograph. records of blade f lapping) .  
t o t a l  s ide force w a s  supported by t h e  two f ron t  s t r u t s  ( f i g .  3) and t h a t  t h e  
t a i l  support s t r u t ,  which w a s  f r e e  t o  ginibal, d i d  not r e s t r a i n  the  model i n  
yaw. 
component' balance proved t h i s  assumption t o  be reasonable ( f i g .  7) . 

In  addi t ion  it w a s  assumed t h a t  t he  
- 

Measurements made when the  model w a s  i n  t h e  wind tunnel  on t h e  six- 

The t e s t s  on t h e  s t a t i c  stand were made with t h e  wing a t  Oo and 62.20 
tilt and f o r  a range of f l a p  def lec t ions  from 0' t o  40'. 

RESULTS AND DISCUSSION 

Rotor Charac te r i s t ics  

Thrust.- Thrust w a s  determined f o r  a range of a i rspeeds from o ( s t a t i c  

The r e s u l t s  a r e  

q[J(CT/Cp)] as 

stand t e s t s )  t o  l5O knots,  a range of blade angles from 6' t o  3 3 O ,  and a 
range of co l l ec t ive  blade f l a p  def lec t ions  from 2' t o  12'. 
presented i n  f igu re  8. 
lo s ses  i s  presented i n  t e r m s  of normal propel le r  e f f i c i ency  
w e l l  as ro to r  e f f i c i ency  q '  which includes a s t a t i c  f igu re  of m e r i t  term 
[ o . ~ ( c , ~ / ~ / C , ) ] .  This expression f o r  q', defined i n  t h e  notat ion,  i s  
equivalent t o  a f igu re  of merit  at  0 forward speed, and approaches t h e  normal 
propel le r  e f f ic iency  7 with increasing speed ( f i g .  8 ( c ) ) .  Estimated t rans-  
mission lo s ses  of 8.7 percent were used t o  determine ro to r  e f f i c i ency  from 
the  system ef f ic iency .  
near ly  constant with ve loc i ty .  Thrust decreased rap id ly  with forward speed 

The system e f f i c i ency  which includes transmission 

Rotor eff ic iency w a s  low (approximately 0.65) and 
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(fig. 8 ( c ) ) .  The blade f l a p  did not appear t o  be very e f f ec t ive  i n  providing 
e f f i c i e n t  r o t o r  performance over t h e  speed range. Blade p i t c h  w a s  as eff i -  
c i e n t  as blade f l a p  de f l ec t ion  i n  obtaining a given t h r u s t  ( f i g .  8 ( a ) ) .  The 
e f f e c t  of blade f l a p  de f l ec t ion  w a s  t o  reduce the  blade p i t c h  f o r  a given 
t h r u s t .  

Tests  were made t o  determine r o t o r  i n s t a b i l i t y  by t i l t i n g  the  wing. No 
i n s t a b i l i t y  ( s i m i l a r  t o  that reported i n  r e f .  1) w a s  noted a t  speeds up t o  
l5O knots.  The blade flapping va r i a t ion  with angle of a t t ack  ( f i g .  9 )  w a s  
c lose t o  t h a t  estimated from reference 2.  

Rotor cont ro l -  effecti-ve-nes-s .- The a b i l i t y  of t h e  ro to r  t o  provide ade- 
quate cont ro l  w a s  determined f o r  t he  a i rp lane  i n  t h e  hover configurat ion on 
t h e  s t a t i c  stand and i n  the  t r a n s i t i o n  speed range i n  the  wind tunnel .  The 
r e s u l t s  a r e  presented i n  f igu res  10 t o  18. 

I n  t h e  tunnel  t e s t s  t h e  cont ro l  c h a r a c t e r i s t i c s  were determined sepa- 
r a t e l y  f o r  t h e  aerodynamic and ro to r  cont ro ls  because of bu f fe t  induced ro to r  
o s c i l l a t i o n s .  The hor izonta l  t a i l  w a s  s t a l l e d  a t  0' fuselage angle of a t t ack  
and above at  a l l  speeds i n  t h e  t r a n s i t i o n ,  r e s u l t i n g  i n  bu f fe t  loads on t h e  
t a i l  of + l g .  The r e su l t i ng  bu f fe t  of t h e  e leva tor  and rudder were fed back 
i n t o  the  ro to r  con t ro l  system through t h e  cockpit cont ro ls  r e su l t i ng  i n  an 
i r r egu la r  weaving motion of t he  r o t o r .  Because of t h i s  feedback, t he  e le -  
vator  and rudder were disconnected and locked out of t he  control  system 
during cyc l ic  r o t o r  cont ro l  excursions.  

A measure of t h e  adequacy of t h e  ro to r  cont ro l  power w a s  obtained by 
comparison with t h e  recommendations of reference 3 f o r  cont ro l  power i n  hover 
fo r  V/STOL a i r c r a f t .  
cont ro l  moment f o r  a given cont ro l  input by means of t h e  estimated a i rp lane  
i n e r t i a  c h a r a c t e r i s t i c s  i n  t a b l e  I. These recommended cont ro l  moments a r e  
shown i n  f i g u r e s  10, 15, and 16 f o r  comparison with t h e  measured r e s u l t s  i n  
hover on the  s t a t i c  stand (T = 62.2O). Based on t h e  recommendations of r e f e r -  
ence 3, t he  r o t o r  provides adequate longi tudina l  cont ro l  f o r  hover but  lacks  
s u f f i c i e n t  l a t e r a l  and d i r ec t iona l  cont ro l .  Additional d i r ec t iona l  cont ro l  
might be obtained by increasing the  amount of l a t e r a l  cyc l i c  blade f l a p  
def lec t ion  f o r  a given cont ro l  input .  However, t h e  nonl inear i ty  of t h e  
moment curves ind ica t e s  a decrease i n  blade f l a p  e f fec t iveness  even a t  
moderate f l a p  angles .  

These cont ro l  requirements have been converted t o  

The s t r u c t u r a l  deformation of t h e  blades or of t h e  blade f l a p s  which 
were qui te  f l e x i b l e  may contr ibute  t o  t h e  inef fec t iveness  of t h e  blade f l a p s  
and may a f f ec t  r o t o r  performance. 
mation on the  operating ro to r  and a s t i f f e r  f l a p  w a s  not t e s t e d  t o  determine 
whether the  e f fec t iveness  could have been improved. 

No measurements were made of t h i s  defor- 

The data i n  f igu res  15 t o  18 show t h a t  t h e  l a t e r a l - d i r e c t i o n a l  cont ro l  
moment conversion with wing tilt w a s  not completely compensated t o  give pure 
r o l l i n g  and yawing moments. 
be due t o  the  low ef fec t iveness  of t h e  cont ro ls .  

Par t  of t h i s  lack of cont ro l  compensation may 



Figures 10 t o  18 show t h a t  ro to r  cyc l ic  cont ro l  input a t  constant power 

The r e s u l t s  of ca lcu la t ions  of r o t o r  performance wi th  a f l a p  type 
produced va r i a t ions  i n  l i f t  and drag ind ica t ive  of a t h r u s t  l o s s  with cont ro l  
input .  
cyc l i c  control ,  based on t h e  methods of reference 4 indicated a s i m i l a r  t h r u s t  
va r i a t ion  wi th  cont ro l  input ( f i g .  19). 

Airplane Charac te r i s t ic  s 

Hover.- The va r i a t ion  of l i f t ,  drag, and p i tch ing  moment wi th  engine 
power wi th  t h e  wing a t  i t s  maximum tilt pos i t i on  (62.2O) and wi th  var ious 
f l a p  def lec t ions  i s  shown i n  f igu re  20. This f igu re  shows t h a t  t h e  t h r u s t  
obtainable with t h e  i n s t a l l e d  power of 2050 hp i s  s u f f i c i e n t  f o r  hovering 
with a gross  weight of 9000 l b .  Turning angles computed from t h e  da ta  i n  
f igu re  20 are presented i n  f igu re  21. Values estimated by t h e  method of ref-  
erence 5 are included i n  f igu re  21  and a re  about 12 percent  higher t han  those 
measured a t  r a t ed  r o t o r  speed of 725 rpm. The turning ef fec t iveness  deter-  
mined from t e s t s  of a 1/8-scale model ( r e f .  6 )  w a s  between these values.  

Transit ion.-  The wing a t t i t u d e ,  power, and ro to r  cont ro l  required f o r  
unaccelerated l e v e l  f l i g h t  i n  t h e  t r a n s i t i o n  a re  shown i n  f igu re  22. These 
da ta  were obtained f r o m t h e  da ta  i n  f igu res  23 t o  27 and are f o r  a n  a i rp lane  
gross  weight of 9300 l b .  The w i n g  angles  of a t t ack  required w e r e  c lose t o  
those measured i n  small-scale t e s t s  ( r e f .  6 ) .  Below approximately 35 knots,  
t h e  power required ( f o r  a 9300 lb  a i rp l ane )  exceeds t h e  t o t a l  i n s t a l l e d  
power of 2050 hp. 

The cyc l i c  cont ro l  ava i lab le  w a s  severely l imi ted  by mechanical i n t e r f e r -  
ence i n  the  s w a s h  p l a t e  l inkage. Most of t h e  ava i lab le  con t ro l  (0.6 of 
design value)  w a s  required f o r  balancing t h e  a i rp lane  i n  l e v e l  f l i g h t  and 
l i t t l e  or none remained f o r  maneuvering. 

The a i rp lane  became s t a t i c a l l y  unstable  (as  indicated by dCm/dCL) a t  
speeds below 40 knots  and wing tilt angles g rea t e r  than  30'. 
indicated t h a t  lack of adequate s t a t i c  s t a b i l i t y  can adversely a f f e c t  p i l o t  
opinion of t h e  a i rp lane  handling q u a l i t i e s  . 

Reference 7 

___ S t a l l . -  Tuft  s tud ies  ( f i g .  28) showed t h a t  one-half or more of t h e  wing 
w a s  s t a l l e d  i n  t h e  t r a n s i t i o n  from 60 knots  and 20° wing tilt t o  23 knots  
and 30° tilt. The s t a l l  caused severe buf fe t ing  of t h e  a i rp lane  a t  t h e  angle 
of a t t ack  f o r  balanced unaccelerated l e v e l  f l i g h t .  Most of t h e  t e s t s  wherein 
angle of a t t ack  w a s  var ied w e r e  terminated because of t h i s  buf fe t ing .  A 
l imi ted  inves t iga t ion  w a s  mad-e wi th  two devices ( f i g .  l ( b ) )  t o  a l l e v i a t e  the  
s t a l l :  a drooped leading edge over t h e  outboard 90 percent  of t h e  wing span 
and a slat  over t h e  center  10 percent .  
t o  27. The drooped leading edge had l i t t l e  b e n e f i c i a l  e f f e c t  s ince t h e  s t a l l  
or iginated on t h e  center  sec t ion  outs ide t h e  s l ipstream. The center  sec t ion  
slat  helped t h e  forward por t ion  of t h a t  a r ea  b u t  t h e  s t a l l  t hen  occurred 
between the  slat and t h e  propel le r  and spread spanwise. 

The r e s u l t s  are shown i n  f igu res  24 
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Rotors of f  .- The aerodynamic c h a r a c t e r i s t i c s  of  t h e  a i rp lane  with r o t o r s  
o f f  are shown i n  f i g u r e s  29 and 30 and t h e  e l eva to r  con t ro l  e f fec t iveness ,  i n  
f i gu re  31. 
( f i g .  25) ,  t h e  ho r i zon ta l  t a i l  i s  s t a l l e d  so t h a t  t h e  e leva tor  i s  ine f f ec t ive  
fo r  longi tudina l  con t ro l  near t h e  forward f l i g h t  region of t h e  t r a n s i t i o n  
where it w a s  intended t o  supplement t h e  r o t o r  con t ro l  moment. The e f f ec t ive -  
ness of t h e  s p o i l e r s  i s  presented i n  f i g u r e  32. 

With the fuselage l e v e l  (a = 0 )  i n  balanced unaccelerated f l i g h t  

CONCLUDING REMARKS 

The wind-tunnel t e s t s  indicated t h a t  t h e  f l a p s  b u i l t  i n t o  the  r o t o r  
b lades  were e f f e c t i v e  f o r  cyc l ic  control ;  however, cyc l i c  con t ro l  input 
caused l a rge  t h r u s t  l o s s e s .  The ro to r  e f f i c i ency  w a s  low and t h e  r o t o r  
t h r u s t  decreased r ap id ly  with forward speed. The ro to r  blade f l a p s  were not 
e f fec t ive  i n  improving t h e  ro to r  e f f i c i ency  throughout t h e  speed range. For 
t h i s  p a r t i c u l a r  t i l t -w ing  a i rp lane ,  t h e  l a t e r a l - d i r e c t i o n a l  cont ro l  w a s  inad- 
equate and had a l a t e r a l - d i r e c t i o n a l  con t ro l  i n t e r a c t i o n  with w i n g  tilt. 
Severe wing and horizontal-tail buffet occurred a t  t h e  wing angles of a t t ack  
required i n  t h e  t r a n s i t i o n  f l i g h t  region from hor i zon ta l  t o  v e r t i c a l  f l i g h t .  
Rotor o s c i l l a t i o n s  induced from t h i s  h o r i z o n t a l - t a i l  bu f fe t  i n  the  t r a n s i t i o n  
precluded t h e  interconnect of t h e  ro to r  and t h e  aerodynamic con t ro l s .  

Ames Research Center 
National Aeronautics and Space Administrat ion  

Moffett F ie ld ,  C a l i f  ., Sept .  23, 1964 
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TABLZ I.- DIMENSIONS OF THE AIRPLANE 
-. . -  ~~ ~. . - .  

Wing 

A r e a ,  sqf ' t  . . . . . . . . . . . . . . . . . . . . . . . .  231 
Span, ft . . . . . . . . . . . . . . . . . . . . . . . . . .  34 

Asp e c t r a t i o  . . . . . . . . . . . . . . . . . . . . . . . .  5.0 
Taper r a t i o  . . . . . . . . . . . . . . . . . . . . . . . .  0.70 
Section p r o f i l e  . . . . . . . . . . . . . . . . . . . . . .  NACA 23021 

76 
58 Engine . . . . . . . . . . . . . . . . . . . . . .  General E lec t r i c  YT-58-6 

. . . . . . . . . . . . . . . . .  6.86 Mean aerodynamic chord, ft 

Horizontal t a i l  area, sq f t  . . . . . . . . . . . . . . . . . . .  
Vert ica l  t a i l  area, sq ft . . . . . . . . . . . . . . . . . . . .  

Diameter, ft . . . . . . . . . . . . . . . . . . . . . . . .  15 * 17 
181 Disk area, sq ft . . . . . . . . . . . . . . . . . . . . . .  

Sol id i ty ,  . . . . . . . . . . . . . . . . . . . . . . . . .  0.189 
Blade chord, ft . . . . . . . . . . . . . . . . . . . . . .  1.5 
Blade t w i s t  . . . . . . . . . . . . . . . . . . . . . . . .  0.339O/in. 
Blade sec t ion  . . . . . . . . . . . . . . . . . . . . . . .  NACA 16-509 
Act iv i ty  f a c t o r  pe r  blade . . . . . . . . . . . . . . . . .  155 

Moments of i n e r t i a  . . . . . . . . . . . . . . . . . .  9300 l b  gross weight 

I, . . . . . . . . . . . . . . . . . . . .  22,000 s lug-f t2  
. . . . . . . . . . . . . . . . . . . .  13,500 s lug- f t2  

I, . . . . . . . . . . . . . . . . . . . .  25,300 s lug- f t2  
- .~ ~~ . . . . . . .  

Normal r a t ed  . . . . . . . . . . . . . . . . . . . . . . . .  
Mili tary r a t ed  . . . . . . . . . . . . . . . . . . . . . . .  875 hPl 
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in feet 

(a )  General dimensions. 

Figure 1 .- The geometry of the airplane.  
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(b) Drooped leading edge and slat. 

Figure 1. - Concluded. 
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A-29884-1 

Figure 2.- The a i rp lane  with slat  and drooped leading edge mounted i n  
t h e  wind tunnel .  



A-28910 
Figure 3.- The a i rp lane  on t h e  ground t e s t  s tand .  



A-28718.1 
(a)  Front view. 

Figure 4.- Rotor hub d e t a i l s .  



(b)  Side view. 

Figure 4 .  - Continued. 

A-29385.1 



( c )  Schematic drawing of blade f l a p  linkage. 

Figure 4.  - Concluded. 
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Figure 7.- Coqar ison  between measured s ide force and s ide force computed 
from ro tor  t h r u s t ;  7 = bo0, = bo0, 1430 hp, 700 rpm, u = 0, 
8, = 11.7 , V = 40 knots. 0 
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Figure 13.- Longitudinal ro to r  cont ro l  effect iveness;  T = 30°, 6, = 0, 
6f = bo, V = 39 knots .  
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